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RESEARCH MEMORANDUM

INVESTIGATION OF A TRIANGULAR WING IN CONJUNCTION WITH A
FUSELAGE AND HORIZONTAL TATL TO DETERMINE DOWNWASH AND
LONGITUDINAT-STABILITY CHARACTERISTICS ~
TRANSONIC BUMP METHOD

By Edwin C. Allen

SUMMARY

The results are presented of an experimental luvestigation of the
downwash and longltudinal-stabillty characteristics of a semispan,
triangular-wing, airplane model with a horizoutal tail. Transonic
speeds were obtalned by using the transonic bump in the Ames l6~Ffoot
high—spesd wind tunnel, The model consisted of a thin trianguler wing
having an aspect ratio of 2, with a fuselage having a finenese ratlio of
12.5, and a thin unswept horizontal tall having an aspect ratio of k.
Tests were made with the horizontal tail in the wilng—chord plane extended
and also 0.25 wing semispan sbove and below the wing—chord plane, all at
one longitudinal station behind the wing, The Mach mumber range was
0.40 to 1.10 with a corresponding Reynolds number range of 1.0 to 1.9
million, The 1lift, drag, and pitching-moment data are presented for the
wing-fuselage combination. Also the pitching-moment date for the wing,
fuselage, and horizontal-—tall combination are presented. The effective
downwash at the tall is obtalned from a comparison of these results.

The results of the teste indicate that the model with the tall on
or below the wing-chord plane possessed satisfactory steblility character—
ietlcs throughout the test range of 1ift coefficient. The model with the
tail above the wing-chord plane possessed undeelrable stabllity charac—
teristlcs due to large varlations of downwash at the higher 1ift coeffi-
clents,
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INTRODUCTION

Studies have been made of the flow fields behind wings of low
aspect ratioc at both subsonic and supersonic speeds. However, there has
been little investligation of the flow flelds behind low—espect-ratioc
wings at transonlc speeds.

The purpose of this lnvestligation was to determine the longlitudinal—
stabllity characteristics of and the effective downwash at one position
behlnd & triangnlar-wing model at transonlc speeds, using the transonic
bump in the Ames 1l6~foot high-speed wind tunnel. The tests were con—
ducted in conjunction with the lnvestigation of the low—speed charscter—
istica of the same confilguration in the Ames 40— by 80-foot wind tunnel.
The model was tested wlith three vertical posltions of the borlzontal tail.

NOTATTION

‘ twice drasg of half model >
as

twice 11ft of half model >
gS

Cp drag coefflicient

Cr, 1ift coefficient <

Cyp Ppltching-moment coefficient about querter point of the wing mean

K 1
aerodynamic chord (twice DPitching m:ﬁnt of half mode )

M free-stream Mach number

M;, local Mach mumber

S twlce wing area of half model, square feet

v free—stream velocity, feet per second

b wing span feet

¢  local wing chord, feet b/2
[

o

wing mean aerodynamic chord —ﬁz—— , feet
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i; horizontal-tail incldence angle with respect to wlng—chaord plene,
degrees

q dynemic pressure <% pV2>, pounds per sguare foot
¥y spanwlise distance from plane of symmetry, feet

@ wing angle of attack, degrees

€ effective downwash angle, degrees

p mass denslity of air, slugs per cublc foot

APPARATUS

Wind Tunnel and Equipment

The teste were conducted on the tranconic bump of the Ames 16-FLoot
high—speed wind tunnel., The bump 1e described in detail in reference 1.
The aerodynamic forces and momente were meacsured by meane of a strain—
gage balance mounted inside the bump. The wing—low balance described
in reference 2 was used.

Model

A three~view drawing of the model is shown in flgure 1 and photo—
graphs of the model mounted on the bump sre shown in flgure 2.

The wing of the model, ldentlical in proportion to the semispan of
the wing described 1n reference 3, had an aspect ratlio of 2. The airfoll
Sections parallel to the model center line were the modiflied NACA 0005.
The fuselage wae of clrculer cross sectlion and had a fineness ratio of
1l2.5. For a more complete model description, see reference 3.

The horizontal tail had an aspect ratio of k4, taper ratio of 0.5,
and the 0.50-chord line was unswept. The basic 4.5-percent—thick diamond
rrofile was modified by rounding the ridge for a distance of 15 percent
of the local chord, resulting in a thlckness—to—chard ratio of 0.042,

The tall was attached to the fuselage by a rigid beam bensath the
reflection plate so a8 to transfer all loads applied on the tall through
the fuselage and then to the balance. The tail incidence was limlited to
5% with the tall on the wing-chord plene extended.
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The model was tested ln the presence of a reflectlion plate as shown
in figures 1 and 2. The reflection plate was mounted independently of
the model, thereby sepasrating serodynamlc loade on the plate from the
measured forces and momente,

TESTS AND FROCEDURES™ =~

Force and moment data were obtalned for the model wilth the horizon—
tal tail at each of the three vertical positions and with the horizontal
tail off. The tests were made over a Mach number range of 0.40 to 1.10
wlth a corresponding Reynolds mumber range of 1.0 to 1.9 million, based
on the wing mean aerodynamic chord. (See fig. 3.)

The model wae mounted l1n a locael, high—~veloclity reglon on the
transonic bump. Typical contourse of local Mach number in the bump flow
fleld (with the model removed) are shown in figure 4. The outline of the
model has been superimposed on these contours to indlcate the Mach number
gradients which exlsted in the reglon of the model. No attempt hag been
made to evaluate the effects of these gradients. The free—stream Mach
mumbers presented in thie report are the average Mach numbers in the
reglon of the wing of the model.

An angle~of-—attack correctlon of —0.7° was included due to the
angularity of flow over the bump. There was belleved to be a slight
variation of the flow angularity (of the order of 0.5°) along the length
of the model. Since thlis variation could not be determined accurately,
the flow angularilty was assumed to be constant for the length of the
model.

The absolute values of the drag coefficiente precented are not
believed to be entirely reliable because of the shortccming inherent in
the balance which resulted in a drag reading when a 1lift force was
applied. ZFor thle reasson the drag coefflclente were not corrected for .
the flow angularity over the bump. However, the drag coefflcients are
of quallitative interest in that they show the order of mesgnitude of the
changee in drag throughout the transonic Mach number range.

RESULTS AND DISCUSSION
Aerodynamic Characteristics of the Wing—Fuselage Combination
The effects of Mach number on the force and moment characteristics

of the wlng-fuselage comblnatlon are presented In figure 5. The forces
and moments changed graduwally with Mach number, the most notable change

L %
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being a 20-percent increase of maximum 1ift at transonic speeds. The
1lift—-curve slope and minimum-drag coefficlent increased with Mach number
while the pitching-moment curves indlcated increased static longitudinal
stabllity and became more nearly linear at the bigher Mach numbers.

The effective downwash behind the wing was measured by insertlng
the horizontal tall at verious angles of incidence in the flow field of
the wing and measuring the ‘total piltching moments of the complete model
(Pigs. 6, 7, and 8). The 1lift and, consequently, the angle of attack of
the tall, were assumed to be zero when the moment with the tall on was
equal to the moment with the tall off. The effective downwash at the
tall, at the angles of attack and tail incldences where the tall—on and
tall—off moment curves intersect, was then calculated by the relation
€ = otly. The variation of this downwash angle with angle of attack is
presented in figure 9 for the three tall helghis tested. The slight
angle of downwash indicated for 0° angle of attack when the horizontal
taill was on the wing—chord plane 1s believed to be due to the varlation
of flow angularity over the bump from the wing to the tail position.

In order to present a clesrer concept of the effect of the downwash
on the longltudinal stebllity, the rates of change of downwash angle with
angle of attack for the three teil helghts are compared in figure 10.

I+t should be noted that the downwash varisastions shown appesr somswhat
erratic. However, calculations of downwash from the increment of pitch—
ing moment due to a fixed settlng of the tail (using an average valus for
d.Cm/d.i-b) resulted in similsr erratic variations. Thus, the possibility
of the erretic veriations being caused by errors which were not consist—
ent for the variocus horizontal—tail settings is eliminated. Examination
of the figure shows a marked change of de€ /do; with vertlcal position.
Below the wing—chord plane the downwash was such that a tail would
generally be more stabilizing than for either of the other two positions.
For the poeitlon sbove the wing—chord plane, and angles of attack between
about 7° and 14°, the rate of change of downwash with angle of attack
was greeter than 1.0, indicating that a tail placed here would be de—
gtabilizing. The veriatione in downwash with vertical posltion are be—
lieved to be due to the seperatlion—vortex type of flow known to exist on
low—aspect—ratlo, thin triangular winge. (See references 3 and L.)

Asrodynamic Characteristics of the Wlng, Fuselage, and
’ Horizontal~Tall Combination

The pltching—moment characteristics of the model with the taill at
0° incidence in each of the three positions are presented in figure 11,
With the tail above the wing—chord plane the model was stable through

- N
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the low lift-coefficient range, became unstable to marginally stable
through the middle of the lift-coefficlent range, and then became
gtable ageln near the hlghest 1lift coefficients. With the tail on or
below the wing—chord plane the model was stable throughout the test
range of lift coefficlent., Thls result 1s in agreement with what would
be expected from examination of the wing-body pitching momente in figure
5 and the downwash characteristice shown in flgures 9 and 10, assuming
linear 1lift characteristice of the tail., Examinstlon of figures 6, 7,
and 8 indicates that the pitching-moment characteristice of the model
for 0° +tail incidence are typical of those for the other tail
incidences,

CONCLUDING REMARKS

Results of the tests of the model show that, with the tall on or
cne~fouxrth wing semispan below the wing-chord plane, the model possessed
satlefactory static longlitudinal stabillty throughout the test range of
lift coefficlent and Mach mamber. With the tail one—fourth wing semi-
span above the wing—chord plane the model had undesirsble static
longitudinal-stabllity characteristlics at moderate lift coefflclents,
due to the large rate of change of downwash with angle of attack at thlse
position,

Ames Aeronsutical Labaretory,
National Advisory Commlttee far Aeronautics,
Mcffett Field, Calif,
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() Tail above the wing—chord plene.

(b) Tail on the wing—chord plane.

(¢) Teil below the wing—chord plane.

Figure 2.— Models mounted on the transonic bump showing the three
horizontal—tail positions tegted.
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